Despite their great importance for human therapy, quinolones are still used in Chilean salmon farming, with flumequine and oxolinic acid currently approved for use in this industry. The aim of this study was to improve our knowledge of the mechanisms conferring low susceptibility or resistance to quinolones among bacteria recovered from Chilean salmon farms. Sixty-five isolates exhibiting resistance, reduced susceptibility, or susceptibility to flumequine recovered from salmon farms were identified by their 16S rRNA genes, detecting a high predominance of species belonging to the Pseudomonas genus (52%). The minimum inhibitory concentrations (MIC) of flumequine in the absence and presence of the efflux pump inhibitor (EPI) Phe-Arg-β-naphthylamide and resistance patterns of isolates were determined by a microdilution broth and disk diffusion assays, respectively, observing MIC values ranging from 0.25 to >64 µg/mL and a high level of multi-resistance (96%), mostly showing resistance to florfenicol and oxytetracycline. Furthermore, mechanisms conferring low susceptibility to quinolones mediated by efflux pump activity, quinolone target mutations, or horizontally acquired resistance genes (qepA, oqxA, aac(6 )-lb-cr, qnr) were investigated. Among isolates exhibiting resistance to flumequine (≥16 µg/mL), the occurrence of chromosomal mutations in target protein GyrA appears to be unusual (three out of 15), contrasting with the high incidence of mutations in GyrB (14 out of 17). Bacterial isolates showing resistance or reduced susceptibility to quinolones mediated by efflux pumps appear to be highly prevalent (49 isolates, 75%), thus suggesting a major role of intrinsic resistance mediated by active efflux. Microorganisms 2019, 7, 698 2 of 16
Introduction
The Chilean salmon farming industry is commonly affected by an important number of bacterial diseases causing high mortalities, consequently prompting the necessity of using high amounts of antibiotics to ensure salmon production [1, 2] . However, it is well known that intensive use of antibiotics is responsible for therapy failures, probably due to a reduction in the susceptibility to antibacterials of the bacterial pathogens associated with this industry [2] [3] [4] [5] [6] [7] .
Identification of Isolates
Isolates were cultured in Tryptic soy broth (Oxoid, Hants, UK) at 22 • C for 12-24 h and centrifuged at 9000 g for 3 min using an Eppendorf 5415D microcentrifuge to obtain a pellet. DNA extraction was carried out using the Wizard Genomic DNA Purification commercial kit (Promega, Madison, WI, USA) following the supplier's instructions, and the obtained DNA samples were stored at −20 • C until analysis. The amplification of the 16S ribosomal genes of the isolates was carried out by PCR, following the methodology described by Opazo et al. [32] . The resulting amplified PCR products were sequenced by Macrogen (Rockville, MD, USA) using the ABI PRISM 373 DNA Sequencer (Applied Biosystems, Foster City, CA, USA). The sequences were edited and matched to the Ribosomal Database Project [33] to identify the bacterial isolates. Isolates exhibiting in their 16S rRNA gene sequence a similarity score of ≤99.4% with a nearest neighbor were not identified to the species level.
Minimum Inhibitory Concentrations (MICs) of Flumequine
The minimum inhibitory concentrations (MICs) of isolates to flumequine were determined by a broth microdilution method according to the Clinical and Laboratory Standards Institute (CLSI) guideline M07-A10 [34] . Conical bottom 96-well microplates containing 0.1 mL of Mueller-Hinton broth (BBL-Becton Dickinson, Cockeysville, USA) were inoculated in triplicate with duplicate concentrations of flumequine (Sigma-Aldrich, Darmstadt, Germany) ranging from 0.0625 µg/mL to 64 µg/mL. Bacterial culture suspensions grown at exponential phase were adjusted at a 0.5 McFarland turbidity (1 × 10 8 CFU/mL), and an aliquot of 0.01 mL of each bacterial suspension was inoculated into each well in triplicate. Microplates were incubated at 22 • C for 24 h according to CLSI guidelines [35] . The turbidity of the medium in each well was measured by using the Mindray MR-96A microplate reader at an optical density of 600 nm. The MIC was defined as the lowest concentration of flumequine capable of inhibiting visible growth in at least two wells. Three wells without the antibiotic were used as controls for bacterial growth for each strain, and Escherichia coli ATCC 25922 was used as a control strain as recommended by the CLSI [34] . Considering that no MIC breakpoints for flumequine are currently stated, we categorized the isolates using as a reference the flumequine epidemiological cut-off (ECOFF) value stated by European Committee on Antimicrobial Susceptibility Testing (EUCAST) [36] for Escherichia coli and Salmonella spp. (≤2 µg/mL for susceptible). We decided to consider susceptibility, reduced susceptibility, and resistance as those isolates exhibiting MIC values of ≤2 µg/mL, 4-8 µg/mL, and ≥16 µg/mL, respectively.
Antibacterial Resistance Patterns
The susceptibility of isolates to various antimicrobials was determined by a disk diffusion test according to the CLSI [37] . Briefly, the bacterial isolates were resuspended in phosphate buffered saline (PBS) to obtain a turbidity corresponding to 0.5 McFarland standard (bioMerieux, Marcy-l'Etoile, France). Bacterial suspensions were seeded in plates containing Mueller-Hinton agar (MH, Difco Labs, NJ, USA) and the suspension excess was discarded using a micropipette, and disks (Oxoid, Basingstoke, Hampshire, England) containing the following antibiotics were used: cefotaxime (CTX, 30 µg), streptomycin (S, 10 µg), gentamicin (CN, 10 µg), kanamycin (K, 30 µg), oxytetracycline (OT, 30 µg), chloramphenicol (CM, 30 µg), florfenicol (FFC, 30 µg), oxolinic acid (OA, 2 µg), flumequine (UB, 30 µg), enrofloxacin (ENR, 5 µg), furazolidone (FR, 100 µg), and sulfamethoxazole trimethoprim (SXT, 25 µg). Plates were incubated at 22 • C for 24 h according to CLSI guidelines [38] , and isolates were considered resistant according to the criteria established by the CLSI [34, 39] or by Miranda and Rojas [20] . Escherichia coli ATCC 25922 was used as a quality control strain, as recommended by the CLSI [37] . A number of isolates (30%) were re-examined to check the reproducibility of the assay.
Detection of the Activity of Efflux Pumps
To detect the presence of efflux pump activity on flumequine, a modified methodology for the broth microdilution method described by Fernández-Alarcón et al. [40] was used. Briefly, the MIC assay was determined by a microdilution method according to the Clinical and Laboratory Standards Institute (CLSI) guideline M07-A10 [34] and as previously described in the minimum inhibitory concentrations (MICs) in the flumequine section, but MIC assays were performed in the absence and the presence of 20 µg/mL of the broad spectrum efflux pump inhibitor (EPI) Phe-Arg β-naphthylamide (CAS 100929-99-5, Santa Cruz Biotechnology Inc., USA). E max values were calculated, corresponding to the ratio between MIC without EPI and MIC in the presence of EPI [41] . Escherichia coli ATCC 25922 was included as a control strain, as recommended by the CLSI [34] .
Detection of Mutations in DNA Gyrase and Topoisomerase IV Genes
Only isolates categorized as resistant and exhibiting a high MIC value (MIC ≥16 µg/mL) were considered for detection of mutations in the quinolone targets. To detect the presence of chromosomal mutations among these isolates, the sequence of the quinolone resistance determining region (QRDR) of the enzyme DNA gyrase (gyrA and gyrB genes) and the QRDR homologous section of the topoisomerase IV enzyme (parC and parE genes) were amplified by using the primers described in Table 1 . The amplification conditions were as follows: for gyrA, denaturation at 94 • C for 5 min; 35 cycles of denaturation at 94 • C for 1 min, annealing at 55 • C for 1 min, and elongation at 72 • C for 1 min; and a final extension at 72 • C for 7 min; and for gyrB, denaturation at 95 • C for 5 min; 30 cycles of denaturation at 95 • C for 30 s, annealing at 49 • C for 30 s, and elongation at 72 • C for 1 min; and a final extension at 72 • C for 7 min. The amplification conditions used for parC and parE were denaturation at 95 • C for 5 min; 30 cycles of denaturation at 95 • C for 30 s, annealing at 54 • C for 30 s and elongation at 72 • C for 30 s; and finally extension at 72 • C for 7 min. The amplified PCR products were sequenced by Macrogen (Rockville, MD, USA); the amino acid sequences were obtained by using the BioEdit version 7.2.5 software (Ibis Therapeutics, Carlsbad, CA, United States) [42] and compared with the sequences described for the control strain Escherichia coli ATCC 9637 (GenBank: CP002185). For GyrA and ParC, a comparison from codon 69 to 110 was performed, whereas for GyrB and ParE, a comparison from codon 394 to 430 was performed. * Chromosomal mutations were investigated only in isolates exhibiting resistance to flumequine according to their antibiograms, and MIC values of ≥16 µg/mL.
Detection of Genes Encoding for Quinolone Resistance
All isolates were assayed for the presence of genes encoding for quinolone resistance. The presence of the qepA and oqxA genes, encoding for efflux pumps; the aac(6 )-Ib-cr gene, encoding for an aminoglycoside acetyltransferase that confers resistance by inactivating the antibiotic; and the qnr (qnrA, qnrB, qnrC, qnrD and qnrS) genes, encoding for Qnr proteins, conferring DNA gyrase protection were detected by using the methodology described by Albert et al. [54] using the primers shown in Table 1 . The amplification conditions were as follows: for the qepA gene, denaturation at 95 • C for 5 min; 45 cycles of denaturation at 95 • C for 30 s, annealing at 54 • C for 30 s, and elongation at 72 • C for 30 s; and finally extension at 72 • C for 7 min. For the oqxA gene, denaturation at 95 • C for 5 min; 
Statistical Analysis
Significant differences between the presence of efflux systems and chromosomal mutations in the DNA gyrase of the isolates were determined by a proportion analysis [55] using the free access software RStudio version 1.2.5001 (RStudio Inc.). Analyses were carried out for all isolates included in the study as well as only for the flumequine-resistant isolates. Differences with a p ≤ 0.05 were considered significant.
Results

Bacterial Identification
Among the 65 isolates included in the study, a predominance of isolates belonging to various species of the genus Pseudomonas (34 isolates, 52%) and, to a lesser extent, some enteric species belonging to the Kluyvera (six isolates, 9%), Citrobacter (five isolates, 7%), and Hafnia (three isolates, 4%) genera were detected, as shown in Table 2 . Sequences of amplified 16S rRNA genes of isolates were included in the GenBank database, and their accession numbers are included in Table 2 .
It must be noted that among the isolates exhibiting MIC values of flumequine of ≥16 µg/mL, a high predominance (88.2%) of representatives of the genus Pseudomonas were observed, with the exception of the enteric species identified as Rahnella aquatilis and Kluyvera intermedia, which exhibited the highest flumequine MIC values ( Table 2 ). 
Fingerling mucus KX279647.1 Pseudomonas putida (99.9)
Fingerling mucus KX279648. 
Antimicrobial Resistance of Isolates
A high incidence of resistance to the antibacterials chloramphenicol, florfenicol, and oxytetracycline (96.9%, 92.3%, and 81.5%, respectively) as well as a low incidence of resistance to gentamicin, furazolidone, and enrofloxacin (9.2%, 7.7%, and 4.6%, respectively) were detected among the isolates (Figure 1) . In addition, a high occurrence of multiresistance or resistance to at least three classes of antibacterials was observed (63 isolates, 96%), showing a high proportion of isolates (55 isolates, 84%) presenting simultaneous resistance to five or more antibiotics. It was noted that a large number of isolates (48 isolates, 73%) exhibited simultaneous resistance to florfenicol and oxytetracycline and were mainly resistant to six or more antibiotics. Although no breakpoint values to categorize flumequine resistance are currently stated, all isolates categorized as resistant (17 isolates) using antibiogram results exhibited MIC values of ≥16 µg/mL ( Table 2) . A total of 28 isolates were resistant to oxolinic acid including 17 isolates resistant to flumequine and 10 isolates exhibiting a reduced susceptibility to flumequine (MIC of 8 µg/mL).
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The results showed that the efflux pump inhibitor (EPI) decreased the MIC values of flumequine in a high percentage of the studied isolates (75%) ( Table 2) , demonstrating the active participation of efflux systems in quinolone resistance exhibited by isolates recovered from salmonid farms. In the presence of the EPI, the MIC values ranged from 0.0625 µg/mL to >64 µg/mL, with MIC 50 and MIC 90 values of 1 µg/mL and 8 µg/mL, respectively. Among the isolates exhibiting high MIC values (≥16 µg/mL), only the isolates Kluyvera intermedia OP29 and Rahnella aquatilis FM7 maintained MICs ≥64 µg/mL, and Pseudomonas vranovensis FR20 and Pseudomonas azotoformans FR27 (MIC of 16 µg/mL) maintained their MIC values in the presence of the EPI (Table 2 ). When the EPI was included in the MIC assay, the MIC values of 24 and 11 isolates were reduced by four and three times, respectively, whereas an MIC reduction of two times was detected in seven isolates. Otherwise, 16 isolates maintained their MIC values (Table 2 ). Among the 17 flumequine-resistant isolates, an increase in the susceptibility to flumequine was observed in 10 isolates, suggesting the occurrence of active efflux pumps, whereas the remaining seven isolates apparently did not exhibit efflux pump-mediated activity ( Table 2) . Furthermore, at least 43 isolates (66%) exhibiting reduced susceptibility or resistance to flumequine showed E max values ≥4 (Table 2) . Otherwise, as shown in Table 2 , EPI induced hypersusceptibility to flumequine among an important number of fully susceptible isolates (15 out of 19) . MIC values of flumequine of Escherichia coli ATCC 25922, were 0.5 µg/mL in the presence and absence of the EPI, within the acceptable range stated by CLSI [56] .
Mutations in Quinolone Targets
Among the 17 flumequine-resistant isolates, no significant differences between the proportion of efflux systems and the presence of chromosomal mutations in the DNA gyrase (p = 0.6276) were observed. Thus, the probability of finding a resistance mechanism mediated by efflux systems or chromosomal mutations among the resistant isolates was not significantly different.
The detected amino acid substitutions exhibited by the flumequine-resistant isolates are shown in Table 3 . A high number of flumequine-resistant isolates exhibited one to three mutations in the GyrB subunit of the DNA gyrase (14 isolates), and among these, five isolates showed a double mutation, leading to an amino acid substitution at positions 400 and 413 (according to the Escherichia coli numbering of protein sequence, which resulted in a Leu-to-Ile and Arg-to-Lys change, respectively), whereas the other two resistant isolates also exhibited a third mutation at position 423, resulting in a Val-to-Gly substitution. Otherwise, seven resistant isolates exhibited a single mutation at position 417, resulting in a Leu-to-His change ( Table 3) . Only the isolates Pseudomonas fluorescens 275, Kluyvera intermedia OP29, and Rahnella aquatilis FM7 exhibited a mutation in the GyrA subunit, leading to a single amino acid substitution of serine to isoleucine at position 83, and showing the highest MIC values, despite the absence of efflux pump activity. Only four resistant isolates showed a mutation in the ParC protein subunit of topoisomerase IV, and of these, P. fluorescens 275 and R. aquatilis FM7 also harbored a double mutation in the GyrA and GyrB subunits, whereas K. intermedia OP29 harbored a single mutation in GyrA, and Pseudomonas libanensis FP37 showed three mutations in the GyrB subunit; thus, no resistant mutants with a mutation in ParC alone were observed, and the amino acid substitution Ser-80 to either Ile or Leu (Escherichia coli numbering) was observed in three of these resistant isolates (Table 3) .
Genes Encoding for Quinolone Resistance
None of the 65 studied isolates carried any of the assayed aac(6 )-Ib-cr, qepA, oqxA, qnrA, qnrS, qnrD, and qnrC genes, which confer low-level resistance to fluoroquinolones, and only the strain Citrobacter gillenii FP75 was found to carry a new variant of the qnrB gene (qnrB89). The complete sequence of this gene exhibited a similarity with the qnrB gene of 82% and 90% at the nucleotide and amino acid sequence level, respectively (unpublished results).
Discussion
The projected worldwide use of antibiotics in livestock is approximately 106,000 tons for 2030 [57] . In the aquaculture industry, the use of antibiotics has been commonly adopted as the first choice strategy for the control of bacterial fish pathogens, for which no effective vaccines are currently available. The intracellular pathogen P. salmonis, which is currently the most important cause of losses in marine Chilean salmon farms [29] , is consequently becoming the main target for antibacterial therapy in Chilean salmon farms [1].
The use of quinolones is currently of great importance for human health, but they are also commonly used in aquaculture [2, 17, 58] . Although the use of quinolones has decreased in the Chilean farming industry, the occurrence of resistant bacteria in water and sediments impacted by fish farms has been previously reported [19] [20] [21] 59] . Chile is the world's second largest salmon producer, and quinolones, mainly flumequine, with an annual use rate of 1% (3.75 tons) in marine farms for 2017, are still used in this industry [1]. Furthermore, it has been reported that quinolones used in fish culture have a high persistence in sediments, evidencing that flumequine and oxolinic acid can persist in the surface sedimentary layer for at least 60 and 151 days, respectively, whereas in deeper sedimentary layers, these antibacterials can persist for more than 300 days [60, 61] .
The analysis of susceptibility to different antimicrobials revealed that a high percentage of studied isolates (96%) showed antimicrobial multiresistance, as was previously reported for isolates recovered from Chilean salmon farms [19, 20, 40] . The results of the present study showed a high occurrence of resistance to phenicols and tetracyclines, with 96.9% and 92.3% of the isolates exhibiting resistance to chloramphenicol and florfenicol, respectively, and 81.5% of isolates resistant to oxytetracycline. These results suggest the occurrence of a selective process as a consequence of the use of antimicrobials in Chilean fish farms, considering that a high percentage of the isolates (73.8%) exhibited simultaneous resistance to florfenicol and oxytetracycline, which are currently the most used antibiotics in Chilean salmon farms [1, 2] .
As previously mentioned, the most commonly reported mechanisms of resistance to quinolones include mutations in the antibiotic target enzymes and a decrease in the antibiotic accumulation within the bacteria by the activity of efflux systems [15] . In this study, 42 isolates (64.6%) showed efflux system activity conferring at least a two times decrease in the MIC value of flumequine, showing that significant resistance as well as a decreased susceptibility to flumequine are frequently mediated by efflux mechanisms. A high proportion of isolates exhibiting resistance to flumequine (MIC ≥ 16 µg/mL) harbored mutations in their DNA gyrase genes mostly in the gyrB gene, and most of them evidenced an efflux pump activity. DNA gyrase has been described as the main target of quinolone action in Gram-negative bacteria [46] ; thus, the presence of mutations in this enzyme is a critical factor in the emergence of high-level resistance [46, 62] . In this study, only a single mutation in the GyrA subunit of the DNA gyrase of three resistant isolates was observed, corresponding to an amino acid substitution of serine by isoleucine at position 83. It must be noted that the substitution of serine 83 of the GyrA protein subunit has been widely described as conferring a high-level resistance to quinolones among various species including clinical E. coli isolates [13, 43] and the fish pathogen Aeromonas salmonicida [63] . All of these isolates also harbored an amino acid substitution of serine by isoleucine or leucine at position 80 of the ParC subunit of topoisomerase IV. The change of the amino acid serine at position 80 by isoleucine or leucine is a non-conserved amino acid change, producing a modification in the external structure of the amino acid skeleton of the protein, thus decreasing the enzymatic affinity for the antibiotic, as was previously described in clinical isolates of Staphylococcus aureus and Escherichia coli [64] . Furthermore, it has been reported that simultaneous mutations in GyrA and ParC can confer high-level resistance to fluoroquinolones [61] , as was observed in the isolates K. intermedia OP29, R. aquatilis FM7 and P. fluorescens 275, which showed mutations in both enzymes and exhibited the highest MIC values for flumequine, which was not affected by the pump inhibitor. It must be noted that R. aquatilis has been previously reported as a causative agent of sepsis in immunocompromised and immunocompetent human patients [65, 66] .
Giraud et al. [41] found a high correlation between the presence of a mutation at codon 87 of gyrA leading to an Asp-87 » Asn substitution and the level of resistance to quinolones among A. salmonicida isolates, but in this study, no presence of a mutation at codon 87 of gyrA in the studied isolates were observed. In contrast to many previous studies [41, 63] , the occurrence of gyrA mutations in most of the resistant isolates was unusual, thus requiring further studies to explain this phenomenon.
When flumequine-resistant isolates exhibited a single (Leu-417 to His-417) or double (Leu-400 to Ileu-400 and Arg-413 to Lys-413) mutation in the GyrB subunit of DNA gyrase, MIC values decreased by at least three times when the efflux pump inhibitor was administered, suggesting that these mutations in GyrB could be causative of an increase in the level of resistance to fluoroquinolones as a consequence of a synergistic activity with efflux pumps among the Chilean salmonid farming-associated bacteria. Thus, novel mutations producing the amino acid changes observed in the GyrB subunit are probably not directly associated with high-level resistance as occurs with mutations in the GyrA and ParC subunits. Most probably, a high-level of resistance is only observed when active efflux and gyrB mutations are contributing independently to phenotypic flumequine resistance. Similar results have been observed in various bacterial species of clinical importance, where amino acid changes in GyrB do not confer fluoroquinolone resistance [46, 64] .
As previously mentioned, the efflux systems were active in 75% of the studied isolates, demonstrating their role as the main mechanisms of resistance to quinolones in the resistant microbiota associated with Chilean salmon farms. The results suggests that active efflux contributes significantly to the intrinsic resistance of a high number of isolates, in agreement with Lomovskaya et al. [67] , who previously demonstrated that inhibition of efflux pumps significantly decreased the level of intrinsic resistance in P. aeruginosa. It has been previously noted that approximately 10% of the genes carried by a bacterium encode efflux systems [68] . Thus, efflux systems are an integral component of bacterial membranes, usually showing a high distribution among the different bacterial genera, so it is not surprising that they are active in both low and high levels of resistance to quinolones [69] .
Frequently, the presence of efflux systems with enhanced expression as a consequence of an antibiotic selection pressure can be accompanied by chromosomal mutations producing a synergistic activity, consequently conferring a high-level of resistance, as was previously demonstrated [70] and exhibited by some isolates included in this study such as P. fluorescens 275, which exhibited an MIC value of >64 µg/mL, mediated both by chromosomal mutations in GyrA and by the activity of efflux systems because this value decreased to 32 µg/mL in the presence of the efflux pump inhibitor. However, isolates P. vranovensis FR20 and P. azotoformans FR27 neither showed amino acid changes in DNA gyrase and topoisomerase IV, nor a decrease in their flumequine MIC values in the presence of the efflux pump inhibitor, suggesting that resistance is mediated by a mechanism not currently described or by the activity of other efflux pumps not inhibited by the used pump inhibitor. Regarding the efflux pumps inhibitors, considering that in the study the Phe-Arg-βNA efflux pump inhibitor was the only one assayed, it was not possible to elucidate the effect of other efflux pump inhibitors on the flumequine susceptibility of isolates. Otherwise, it must be noted that a decrease in the MIC values after the addition of efflux pump inhibitors was not able to confirm the existence of efflux pumps inhibitors, thus it can be presumed that efflux pumps play a major role in the intrinsic resistance to flumequine among the bacterial isolates.
Considering that qnr genes encoding for quinolone target protection are unable by themselves to confer high-level resistance to quinolones and are only able to decrease quinolone susceptibility, their detection is more difficult to achieve because most studies only include bacterial isolates that are selected by their expression of resistance to quinolones. Consequently, it must be noted that most of these studies usually do not include isolates exhibiting low levels of resistance to quinolones; thus, their role and prevalence in environments impacted by fish farms are probably underestimated. In this trend, these studies could only detect qnr genes in isolates harboring qnr genes when they were combined with other mechanisms such as chromosomal resistance mutations. In this study, only the isolate Citrobacter gilleni FP75 was found to carry a variant of qnrB gene (qnrB89), most probably located in the chromosome, as has been extensively reported for other variants of the qnrB genes found in Citrobacter spp. [71] [72] [73] .
Furthermore, it would be interesting to detect the occurrence of the crpP gene mainly among the Pseudomonas species, which encodes for a protein capable of specifically conferring resistance to ciprofloxacin through an ATP-dependent mechanism that involves phosphorylation of the antibiotic [74] . This novel protein has never been detected among bacteria associated with aquaculture, and its activity on flumequine remains unknown.
Conclusions
This study provides evidence for the importance of the Chilean salmon farming-related environment as a reservoir of bacteria exhibiting resistance as well as a reduction in the levels of susceptibility to quinolones, showing that bacterial resistance to quinolones in isolates associated with Chilean salmon farming is mainly mediated by nonspecific efflux pumps and to a much lesser extent by chromosomal mutations in the GyrA and ParC quinolone targets, whereas a high predominance of mutations in the subunit GyrB of DNA gyrase was observed and commonly associated with presumptive efflux activity. The carriage of plasmid-encoded efflux pump genes or transferable extrachromosomal genes encoding for quinolone target protection such as qnr genes, which provide low-level fluoroquinolone resistance, is apparently rare, In conclusion, microbiota associated with the Chilean salmon farm environment and exhibiting resistance or low susceptibility to quinolones, are mostly composed by the Pseudomonas species that are apparently mostly intrinsic, thus not contributing to the spread of horizontally transferred genes encoding for resistance to quinolones in these environments. 
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